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118.63. 121.44, 121.68, 126.99, 134.46, 136.79, 136,17, 173.26; mass 
spectrum (CI, City, m/e 259 (M + 1, 100%); higlwejolutidn mass 
spectrum, m/e 258.1369 (CuHuN.Og require! 268,1368). 

2-M»thyl-3-(metho]cyoarbonyl)-l,9-dlinethyl-U ) 3,4tatrB- 
hydro-9Jr*pyrido[S,4-A]indole (18a, 18b). JV.^-Dimethyl- 
tryptophan methyl ester 17 (0,014 e, 0.067 mmol), acstaldehyde 
dimethyl acetal 10a (0.010 g, 0.11 mmol), and trifluorcacetic acid 
(0.012 g, 0.11 mmol) were stirred for 12 days to provide 18a,b as 
a dark oil (0.01S6 g, 0.057 mmol, 100%); the cis/trans ratio was 
measured by »H NMR analyiU to be 14:86 (c/t): l H NMR (CDCy 
i 1.62 (3 H, d, J - 6,9 Hz, CHCHj cis and trans), 2,47 (2.6 H, 6, 
NC>Y t train), 2.57 (0.4 H, », fiCH 3 ciu), 2.90-3.18 (2 H, m), 3.62 
(3 H, s), 3.63-4.04 (2 H, m including a singlet (3 H) at 3.72), 
7.01-7,50 (4 H, m); mass spectrum (CI, CH 4 ), m/e 273 (M + 1, 
100%). 

tMM^'Bemyl-S-tmetbosycftrtonylJ-l-plienyl- 1,2,3,4- 
tetrahydro-9JB'-pyi'ldo[3,4-A]ludole (16b). JV b -Benzyl- 
tryptophan methyl ester 1U (0.308 g, 1.0 mmol), benzaldehyde 
dimethyl acetal 10b (0.310 g, 2.0 mmol), and trlfluoroaoetic acid 
(0,228 g, 2-0 mmol) were stirred for 48 h to provide a dark yellow 
oil, which was flash chromatographed on silica gel (hexane/EtOAc, 
gradient) to provide a light yellow oil (0.376 g, 95% ) whose proton 
NMR and IR spectra were Identical with those of the trans dl- 
aetereomer 18b* obtained from the reaction of ^"benzyl- 
tryptophan methyl ester (He) and benzaldehyde in refluxing 
benzene,* No other products were observed in this reaction by 
TLC or from the NMR spectrum of the crude material. 
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Alkyl and aryl 2-fluoroacrylic add esters have been used 
as starting materials for number of coating agents, dental 
polymers/ and special glass. 2 These esters have been 
commonly prepared from 2-fluoroacrylic acid halides 
CHa=CFCOX (X - Cl, 3 Br,* F 5 ), The recent processes 
for having these intermediates involved the rearrangement 



19T7.W, SOBfliy. -, . , 

(2) Bloeh, B.', CavaM, C; Chwrier, D. Gmnen Fatint (E 
Chtm. Abstr. Ml, 94, 16336. 



(3) Botfutlavkaya, L. S,i Tehouvatltln, N. N.; MorOiOVa, T. 8.; Pari- 
t*l*tva, 1. Y.i Kartatlov, A. B.; Statakov, K. P. Zh. Org.Khim. 1987. 23, 
1173, HeumuJIar, R.; Harbraehtamelar, *" s J " ■ "—<■ "' 

D,B,3 680 060 Al (1987); Chtm. Abitr 1 
(if Mollnas, H.i NsTgen^T.; W ' 1 



, P.; Sttcemun 
1988, 105, 206i 



Scheme I 

\fci 

CH,=CFCHO - 



^ ICH„GFjCOF CH,=CFCOF 

of an alkoxycyclopropane* (Scheme I) or the opening of 
and oxetane by a nucleophlle 1 (Scheme II). 

These two reactions brought great improvements over 
the previous method which used as starting material the 
very toxic 2-fluoroacetic derivatives, 6 The cyclopropane 
route needs nevertheless several steps, and the oxetane 7 
is also toxic. Another possible way of obtaining 2-fluoro- 
acrylic acid halides should be a rearrangement of 2- 
fluoroacrylio alcohols CXY— CFCH s OH if these alcohols 
are available. The allyllc rearrangements were already 
performed on secondary and tertiary fluoroauylic alcohols, 1 
but not on a primary alcohol. The reason was certainly 
an absence of a practical method of preparation of these 
alcohols. Therefore we were searching a convenient me- 
thod of obtaining primary polyfluoroallylic alcohols. 

A few years ago, we showed that I-H perfluoroalkyl 
chains are transformed into fluorinated olefins by actios 
of strong bases like lithium dialkylamides 6 or organo- 
lithium reagents 10 (Scheme III). 

a. HI 



S.; Kltahara, T. b 



HCF^F^CF^R — [CF S -CF(CF,) B R] 

BCF^CFtCF^R 

This conversion was observed with alcohols HCFgCFj- 
(CF 2 )„CH 2 OH when n was equal to 2, 4, or 6. The vinylic 
intermediate 2 was not isolated. This fluorinated olefin, 
activated by the electron-withdrawing difluoromethylene 
group, was steadily attacked by the organolithium reagent. 
However, the case of the alcohol HCF 2 CF„CH 2 OH 4 cor- 
responding to n equal to zero, was not examined at that 
time. Recently we were asking ourselves what could be 
the reactivity of the Intermediate olefin 5 which is not 
activated by an adjacent electronegative group. Is It 
possible to stop the condensation at the intermediate step 
5 In order to get the allyllo alcohol 7 after hydrolysis? (See 
Scheme IV.) 

We report here that this transformation can be per- 
formed under controlled conditions of temperature and 
reaction time. Addition of methyllithium to the alcohol 
4 in diethyl ether at 0 "C and stirring during 6 h at room 
temperature led, after hydrolysis, to a mixture containing 
74% of 7, 16% of 8, and 10% of the starting material 4 
as shown by an NMR analysis. If the condensation is 
allowed to go to completion when the addition is performed 
at room temperature the substituted allylic alcohol 8 can 

(9) ObuIc, H.| Rouge, D.\ Gordon, B. Campt. Rmd. Aead. Sci.fi'. 1M0, 
250, 1073. Hudlicky, M. Tttrahtttran Lett, I960, U, 21. Tolman, V.; 
Verw, K. Colltct. Cwh, Chvm. Commun. IBM, 29, 234. 

(7) WBinninj*, V. J. Org. Chtm. 1SSS, 28, 492. 

(S) Berlin, ft. N.s Yatamko, R, D.| Knunyantt, I. L. Khim. Nauka i. 
Promy 1958, 3, 640; Chm. Abttr. ISM, S3, 4185. Drakelfflith, F. G.; 
Richardson, R. D,; Stewart, 0. 1.; Tarrant P.J, Org, Chun. 1963, 33, 286. 
Normant. J. F.; Foulon, J, P,; Maaurt, D,; S*uvgt«, R.; VUliirai, J, 
Synthesis 1975, 122. 

(5) Wakselman, Cj Nguytn, T. J, Org, Chen. 1BT7, 42, 685. 

(10) Nguyen, T,| Rubliwtefa, M.; Wakaalman, C, Synth, Commun. 
1983, mi), 81. 
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Table I. NMR Spectral Data of Polyfluoroallylic Alcohol* XCF-CFCH.OH 
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Scheme IV 

HCFiCFjCHjOH ^ [CFjSCFCHjO-] M~ [RCF^CFCHj^] 



|H«0 
CFjSSCFCHjOH 



|H|0 
RCF=CFCHgOH 



be obtained with 56% yield. Similar transformation of 
alcohol 9 Into alcohol 10 has been also observed. 

HCPCICFjCHjOH - CFCl-CFCHjOH 
9 10 

CH 2 -CFCOF 
U 

Since alcohols 4 and 9 were easily available, 11 - 1 " this 
process for having polyfluoroallylic alcohol* appeared very 
attractive. One valuable development was the allylic re- 
arrangement which occurs steadily in acidic medium. 
From alcohol 7, 2-fluoroacrylic acid fluoride 11 was ob- 
tained in good yield. Likewise was for alcohol 10, In the 
case of 10, the superior ability of chlorine over fluorine as 
leaving atom was obvious, Allylic rearrangement occurred 
equally with alcohols S; 1-fluorovinyl ketones 12 resulted 
- ■ meV), 



RCF-CFCH 3 OH CH a =CFCOR (R » CH 3l C 4 H„) 
8 12 



J. Am. Chtm. See. 18SS, 77. 810, Beer, A. A,! ZafOMW, r. fki ipoMntaev, 
V. F.i Povkh, Gi. S.; Popov, A I, Zeftehhimlya 1992, 2, 817; Chim, Abstr, 
im, SB, BBSS*. 
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Ketone* of this type were prepared by a carbene route 13 
or by organometailic condensations. 14 ' 115 The present 
process was comparatively straightforward. 

In conclusion, we are reporting a simple way to prepare 
primary polyfluoroallylic alcohols 7, 8, and 10, which use 
the easily accessible 3»hydropolyfluoropropanol 4 and 9 
as starting materials. We have performed the allylic re- 
arrangement of alcohols 7 and 10 into 2-fluoroacrylic acid 
fluoride 11, a valuable synthon in the preparation of 2- 
fluoroacrylic polymers, By extension of thB method to 
alcohols 8 which were obtained by the same process, 1- 
fluorovinyl ketones 12 were prepared. 

Experimental Section 

'H and l 'F NMR epsctra were recorded on a Varian BM360L 
Instrument, and chemical shift* were reported In ppm from TMS 
in 6" scale for l H, from CPClj In 0 scale for "F, IR spectra were 
recorded on a Perkin-Elmer 1420 spectrometer. Elemental 
analyses were carried out in the Laboratoire Central d' Analyse 
of CNRS(Lyon), 3-H tetrafluoropropanol was purchased from 
TCI Tokyo, Japan, slkyUithium from Janssen Chimica Beerse 
Belgium, and chlorotrifluoroethylene from Matheson Oavel 
Belgium. 

Trlfluoroallyllc Alcohol, 7. To a solution of alcohol 4 (20 
g, 161 mmol) in 20 mL of anhydrous diethyl ether was added 
dropwise, at 0 "C, 320 mmol of methyllithium (1.2 M solution 
in ether); over a period of 1 h, the temperature was allowed to 
reach room temperature. Stirring was continued for 6 h; afterward 
the reaction flask was again cooled to 0 °C, Concentrated HC1 

""(13) Buddrui, J,i Nardil, F.i Hentoohal, P. Trtr^dnnLttt^vm, 
379. Molini*, H.j ^akiftlman, fc. T^twhedTOri 1979, 32, 2099. Baiaitri, 
Y.i Savary, D. tf. H.; SeWoirter, M. Htlu. Chim. Acta 1977, 60, 1739. 
Blanco, U Rousieau, Cr. Bull. $oc. Chim. Ft. UBS, 456, 

(14) Elkik, E.; Duh&n, R.; Parllar, A, Bull, Son, Chtm. Fr. LB«l, Part 
I, 2. — 



(15) 
Vlllierai 
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Table II, NMR StreOtral Data at (l-Fluarovlnyl)carbonyl Compound* 11 and It 
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'Chemical shifts are expressed In ppm from TMS and CFClj ia external references. k Coupling conatants are expressed in herts. "These 
characteristics wan in agrssment with those given in the literature, 13 



(IB mL) was carefully added, and the pH was adjusted to 6 or 
7. The solution was left for the night, and then the organic phase 
was separated, washed, and dried over magnesium sulfate, Diethyl 
ether was distilled off, leaving a crude oil which was flash distilled 
to give a clean liquid (bp 60 "C, 100 Torr; 17 g). By introduction 
of a known quantity of CFC1 9 in a sample of the distillate, one 
' can evaluate the ratio of different fluorinated compounds obtained 
as in the following; 7*% of 7, 16% of 6, and 10 % of 4, Purified 
alcohol 7 was obtained by a second distillation in the presence 
of hydroquinone (bp 98 'C, 12.S g, yield 74%), The f H NMR 
and 1S F NMR data of 7 are found in Table I, Anal. Calcd for 
CjHjFjO: C, 32.17; H, 2.70. Found: C, 32.34; H, 2.75. 

3-Chloro-2,3-difluoroallylic Alcohol, 10, The same proqeBB 
applied to a solution of alcohol 9, CHCIFCFjCHjOH (10 g, 68.4 
mmol), in 10 mL of anhydrous diethyl ether, and 127 mmol of 
methyllithium, gave a crude distillate (bp 90-95 "C, 125 Torn 
7,8 g) from which alcohol 10 (bp 116 "C; 5,7 g) was Isolated as 
two isomers (E/Z equal to 45/55), Their »H NMR and »F NMR 
data are found In Table I. IR (CCL): 3300 (OH), 1780 cm" ! 
(CF—CFCI). Anal. Calcd for C,H s ClF,0: C, 28.04; H, 2.35, 
Found: C, 26.18; H, 2.48. 

3<Methyl-2,S-difluoFoallylic Alcohol, 8. To a solution of 10 
g (78 mmol) of alcohol 4 in 30 mL of diethyl ether was added 
dropwise with stirring 820 mmol of methyllithlum. The stirring 
was continued overnight at room temperature. The solution was 
neutraliied carefully and worked up as in the preparation of 7, 
A fractionation of the crude distillate gave 7 (1 g, 9 mmol) and 
8 (4.6 g, 42.7 mmol, yield 56%) as a mixture of two isomers (E/Z 
equal to 80/20), We cannot separate these isomers by VPC 
through a column of SE30 heated to 130 *C. The l H NMR and 
"F NMR data of these isomers are found in Table I, IR (CC1 4 ): 
3300, 3230 (OH), 1740, 1710 cm" 1 (CF-CF). Anal. Calcd for 
C*HjF»0: C, 44,48; H, 5,8; F, 35.18. Found: C, 44.77; H, 5.61; 

' 3-ButyLZ t S-difluorQ»llyUc Alcohol, 8'. Similarly, a solution 
of 7 a (53 mmol) of alcohol 4, 70 mL of diethyl ether, and 180 
mmol of butyllithium (1.2 M solution to hexane) gave 6.8 g of crude 
distillate, bp 70-80 »C (15 Torr), from which 5.4 g (36 mmol) of 
3' were isolated, yield 68%, The isomer E, bp 176 *C, and Z, 
bp 188 •C, were separated by VPC through a column of SB 30 
heated to 160 »C. The ratio E/Z was 77/23. The >H NMR and 
»F NMR data of these Isomers are found in Table I. IR (CCI 4 ): 
3300, 3230 (OH), 1732 cm" 1 (CFWCF). Anal, Calcd for CyHuFjO: 
C, 58,06; H, 8,06; F, 25.33. Found: (E) C, 68,17, H, 8.13; F, 24.62; 
(Z) C, 65.87; H, 8,63. 

2-Fluoroacryloyl Fluoride. 11. Into a distillation flask 
containing 10 mL of concentrated sulfuric acid were added 
dropwise with stirring 2.5 g (23 mmol) of alcohol 7. An exothermic 
reaction occurred, The volatile acryloyl fluoride 11 formed was 
distilled in vacuo (200 Torr) in a receiver cooled by a dry ice- 
" ,s 1.15 g (12,6 mmol), yield 65%. 



Similarly, 4.5 g (35 mmol) of alcohol 10 gave 2.78 g (29 mmol) 
of 1 1. Yield 82%. The l H NMR and U F NMR data of 1 1 were 
in Table I. Treated by a solution of phenol in CH B Clj 11 gave 
the known phenyl 2-fluoroacryllc acid ester 2. 

Fluorovinyl Methyl Ketone, 12, A mixture of 2.4 g (18.9 
mmol) of alcohol 8, CHaCF—CF-CHjOH, 10 mL of tetrachW 
ethane, 0.5 mL of concentrated sulfuric acid, and hydroquinone 
was heated for half an hour on an oil bath at ca. 100 »C; it was 
then distilled In vacuo to give a crude distillate, bp 6O-B0 »C (100 
Torr), 7.2 g. It contains 14.5 mmol (evaluated by lS F NMR) of 
ketone 12, which was separated by a second distillation In the 
presence of hydroquinone at room temperature under 16 Torr, 
Yield 1.8 g, 76%. The J H NMR find *F NMR spectra of 12 are 
In Table II. IR (CC1 4 ): 1730, 1710 (C^O), 1640 car 1 (C-CF). 
These characteristics were in agreement with those given in thB 
literature. 18 

1-FIuorovinyl jj -Butyl Ketone, 12'. A mixture of 2.1 g (14 
mmol) of alcohol 8', E and Z C 4 H 9 CF-=CFCH.,OH, 5 mL of 
CHjCli, 0,5 mL of concentrated sulfuric acid, and hydroquinone 
was heated for half an hour on an oil bath at ca, 100 "C and then 
distilled off in vacuo to give ketone 12', bp 75-80 9 C (160 Torr), 
1,2 g (8,6 mmol), yield 61% . The l H NMR and ls F NMR data 
of 12' are in Table II. IR(CCL): 1710(0-0), 1640 cm" 1 (C-CF). 
Anal, Calcd for C 7 H u FO: C, 64.67; H, 8.33. Found: C, 64.00; 

Registry No, 4, 76-37-9; 7, 41578-62-3; (ff)-8, 123028-47-7; 
(2)-S, 123028-48-8; (£)■%', 123028-61-3; (Z)-S', 123028-52-4; 9, 
28886-04-3; (B)-10, 123028-49-9; (Z)-10, 123028-50-2; 11, 60558- 
B5-6; 12, 2372-98-7; 12', 71160-92-0; CH 3 Li, 917-54-4; C 4 H g Li, 
109-72-8. 
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In connection with studies directed toward the synthesis 
of a novel class of DNA intercalating agents, 1 we needed 
to prepare a series of 9/Y-Belenoxanthen-9-ones. The 

(1) Presented at the 78th Annual Meeting of the American Association 
fw Cancer Research, Atlanta, GA, May 1987; Abstract No, 1197. Berman, 
B.i Klohs. W,; Liopold, W. R.; Plowman, J.j Sensel, A. D.iShllUs, J.; 
Showilter, H. D. H.; Wsrbsl, L. M, Procwdingt Am. Auoc. Canter Rts. 
198?, Z8, 302. 
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(6) Huang-Mlnlon, J. Am. Cham, SoC, SB, 3467 (1946). 

(7) Crystals exposed to an atmosphere ol BO-80% humid 
;e a solution within 15-ao a. 

— ~W to Dr. L. Altmin lor carryln 



produce a 
(6) Tha authoi 

(9) A. Murray, III, and W. H. Langham, J. Am. Chem, Soe.i 7*, 6289 (18??). 
;t0) Compera with the value 130-140 *C reported In raf 4. 



Functionaliiation of 1/T-Perfluoroalkyl Chains 

Clauds WakRelman* and Thofll Nguyen 
C.N.R.S.-C.E.R.C Q.A. 2, rue Henri Dunant, 94320 Tkiaii, France 
Hemued April 23, 1976 

The terminal hydrogen of lff-perfluoroalkyl chains is 
known to be extremely inert, 1 These compounds can only be 
halogenated 8 or oxidized 3 by a radical mechanism at a very 
high temperature. They are not affected by concentrated 
potassium hydroxide at 100 °C; however, a slow hydrogen- 
deuterium exchange has been demonstrated in methanol, 4 

We describe here the mild ionic reaction of lithium dialk- 
ylamide on compound 1 yielding the amide 6, The moat 
probable reaction pathway is as follows: 

RaNLi 

R F _CF 2 -CF 2 H — *- R r - CF 2 — CF 2 ~ Li + 
1 2 

— * Rp— CF— CFn — »-Rp— CF— CF 3 — NR 2 Li + 



— *■ R F -CF=CF-NR 2 — *■ Rf-CHF-C0NR 2 

s e 

The lithium dialkylamlde initially reacts as a strong base, 
abstracting a proton from the CHFj group, then as a nucleo- 
phile which adds readily on the fluorinated alkene 8. This 
attack occurs on the difluoromethylene group and yields the 
most stable anion 4. Carbanions 8 and 4 produce respectively 
the perfluorosikene 3 and the fluorinated enamine 5, both by 
loss of F-. This enamine S may be isolated in aprotic media, 
For instance, C 8 H 6 CH a OCH 3 CF s CF s CF-CFN(CH 3 CH 3 ) s 
(Sd) was enough stable to be recovered unchanged after I 
month at 0 e C; its 19 F NMR spectrum shows a cis configura- 
tion (Jfp ■ 7 Hz). Using the lithium reagent (1-2 molar equiv) 
we have found that the reaction needs 2 molar equiv to go to 
completion and not any olefin 3 could be detected during the 
reaction by l9 F NMR on the crude reaction medium, 

Amide 6 can be obtained from L/f-perfluoroalkyl chains 
containing a variety of functional groups such as ether, ketal, 
amide, etc. This type of compounds is readily available by a 
radical addition on tetrafluoroethylene. 4 The compounds with 
R P - -(CF s ) n CH 2 OH can be obtained commercially. 6 The 
results obtained with various substrates, using 2 equiv of 
Hthlum diethylamide in diethyl ether, are listed in Table I. 



Bifunctional fluorinated compounds are relatively rare 
synthetic intermediates. 7 They are generally symmetrical. The 
functionelfeation of ltf-perfluoroalkyl chains by lithium di- 
alkylamide constitutes a smooth access to symmetrical or 
unsymmetrical bifunctional fluorinated intermediates, 

Experimental Section 

'H NMR spectra were recorded on a Perkln-Elmer R24 spec- 
trometer with Me*Si as internal standard, 19 F NMR spectra were 
recorded on a JBOL C-60HL spectrometer with CFCla as external 
Standard. Chemical shifts are given in parts per million. A downfield 
displacement ie positive for proton, negative for fluorine. Coupling 
constants are In hertz. The s, d, t, q, m, usual abbreviations are used 
With the composite form dd, dt, dm, tt, ddd which are doublet of 
doublets, doublet of triplets, doublet of multlplets, triplet of triplets, 
and doublet of doubleta of doublets. IR spectra were obtained on a. 
Parkin-Elmer 167 spectrometer. Mbbb spectra data were obtained on 
a AEI MS 30 spectrometer, 

We thank Mr, Foulletier (PCUK) 11 for a sample of lff-perfluorn- 
hexane la. l/f,6H-Perfluorohexane lb was prepared according to the 
method of Brace,* Compounds lc and Id were prepared starting from 
commercial (PCR) 11 iH.l/fjW-dodecafluoroheptanql and 
lff.ltf.Stf-octafluoropentanal, The first alcohol was oxidized fol- 
lowing Joyce procedure 9 and the acid was transformed as usual in acid 
chloride, then in amide lc. The second alcohol was transformed in 
ether Id with benzyl bromide. Compound le was obtained by 
transketalliation 10 of 7/7-dodecafluoroheptanal prepared according 
to the method of Brace. 7 We thank Mr M. Rubinstein for technical 
assistance and the D.G.R.S.T." for financial support. 

Preparation of A*,N-Dlethyl-2H-deeafluorohexanoic Acid 
Amide (6a). Into a 260-ml three-neck flask equipped with a me- 
chanical stirrer, a condenser-drying tube system, and addition funnel 
fitted to provide an argon atmosphere was placed 5 g (15 mmoL) of 
lff-perfluorohexane in 30 ml of anhydrous diethyl ether, The flask 
was cooled at - 10 "C with a CCl<-dry ice bath. With stirring, a white 
suspension of lithium diethylamide [prepared by addition of 3.6 g <43 
mmol) of diethylamine in 100 ml of ether on 31 mmol of a butyllithium 
solution in pentane at 0 "C] was added dropwise. After stirring the 
mixture for" 1 h, it was acidified with 30 ml of 20% HC1 nolution. The 
mixture was extracted with diethyl ether. The organic layer was dried 
over MgSO, and filtered, and the solvent was evaporated under re- 
duced pressure, The residue was distilled under vacuum to give 3.5 
g of 6a: bp 95-36 °C (12 mm); IR (neat) 1660 cnT 1 (amide); 'HNMR 
(CDCb) 3.45 (q, 4 H, J = 7 Hi), 1,2 (t, 6 H), 5.5 (ddd. 1 H, J = 46, 16, 
7 Hi); 1B F NMR (CDCls) 79 (3t,3F pl /- 11, 2 Hz), 124 (m, 2 F>, 121 
(m, 2 F), 117 (dm, 1 F, J = 280 Hz), 121 (dm, 1 F), IB4 (ddd, 1 F); mass 
spectrum m/e (rel intensity) 361 (M- + , 87), 336 (M - CH a> 96), 332 
(M-F, 100), 322 (M-C 2 H S ,48), 

Anal, Calcd for CwH„Fi 0 NO: C, 34.15; H, 3.12; F, 64,10. Found: 
C, 34.06; H. 3,10; F, 64,23, 

The same general procedure was used to prepare the Other amides 

6. 

N,N,N',N> -Tetraethyl-afftSH-heianuoroheaanediolo Acid 
Amide (9b): bp 160-161 °C (0,1 mm); IR (neat) 1870 em" 1 (amide); 
'HNMR (CDCb) 3.4 (q, 8 H, J - 7 Hz), 1.2 (t, 1 2 H). 6,66 (ddd, 1 H, 
J - 46, 8, 14 Hz); »F NMR (CDCls) 122-123 <m, 4 F), 197 (dm, 2 F); 
mass spectrum m/e (rel Intensity) 365 (M + 1- + , 12), 346 (M - F, 15), 
292 (M - NBtg, 63), 264 (M - CONEta, 100). 

N,N,N',N' -Tetraethyl-Zfl'-nonafluoroheptanedlolc Acid 
Amide <6c): bp 168-170 ( C (0.1 mm); IR (neat) 1670 cm" 1 (amide); 
'H NMR (CDCla) 1.2 (2 1, 12 H, J - 7 Hz), 3,42 (q, 8 H), 5.66 (ddd, 1 
H, J - 46, 12, 9 Hz); 18 F NMR (CDCW 119-121 (3 m, 6 F), 117 (dm, 
IF, J = 310 Hz), 122 (dm, 1 F), 197 (ddd, 1 F,i/ = 48, 26, 12 Hz); mass 
spectrum m/e (rel intensity) 432 (M-+, 10), 404 (M - C 2 H 4 , 10), 344 
(M - C a H 4 - HF, 100). 

iV,JV-Dietby|.ZH,5i?,6>l r -5-beMyloi[ypentafluoropentanolc 



Substrate 



Amide 



la CF,(CF B ) 3 CFaCF 3 H 

lb HCF 2 CFs(CFi)2CF 2 CFjH 

lc Bt J NCO(CF 2 )4CF ! CF !i H 

Id CeHsCHuOCH^CFjshCFaCFaH 

le 9jj^J>!H(CFs),CFiCF»H 



6a CFa(CF 2 )sCHFCONBta 

6b EtjNCOCHFtCFsJsCHFCONBta 

6c EtiNCO(CF 3 ) 4 CHFCONEtj 

Ad C6H s CH 2 OCH 2 (CF,) a CHFCONEt 2 

«e JJJ^>CH(CF 2 ) J CHFCONEt s 
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Notes 



Acid Amide <6d): bp 140-141 °C {0.1 mm); IR (neat) I960 (amide), 
1600, 1580, 1600 cm" 1 (aromatic)! 'H NMR (CDC1 3 ) 7,3 (a, 5 H), 4.6 
(S, 2 H), 3,95 (t, 2 H, J = 14 Hz), 5.55 (ddd, 1 H, J - 47, 15, 7 Hi), 3,35 
(q, 4H, J - 7 Hz), 1.1 (t, 8 H); "F NMR (CDCW 121 (dt, 2f,J m 1Q, 
14 Hz), 122 (ddd, 1 F, J - 294, 15, 16 Hz), 127 (ddd, 1 F, J - 13, 7 He), 
200 (ra. 1 F); man spectrum m/t (rel intansity) 353 (M-+ 43), 334 (M 

- F, 12), 297 (M - 2C } H<, 10), 262 (M - C 7 H,, 42), 247 (M - CjH T 

- CH 3l 100), 

Anal. Calcd for C^HjoFdNOk: C, 54.38; H, 5.70; N, 3.96. Pound: C, 
54.85; H, 5.55; N, 3.77. 

The enamine 5d (l-di8thylanainu-5//,fi//~5-benzyIoxyhexafluo- 
ropentene-1) wus isolated from the crude reaction mixture by evap- 
oration of the solvent before hydrolysis: l9 P NMR 117 (tt, 2 P), 122 
(to, 2 F), 120 (dt, 1 F, J « 12, 7 Hz), 115 (dt, 1 F, J * 12 Hi). 

JV,N-Diethyl-2/y,7jfjT-7-ethylenedioitynoBafl«orobeDtariolc 
Acid Amide (to): bp 139-140 °C (0.1 mm); IR (neat) 1680 cm"' 
(amide); »H NMR (CDCU) 3.6 (o, 4 H, J - 7 H*), 1,26 (t, 6 H), 3,95 
(m, 4 H), 4.9 (ddd, 1 H, J - 34, 13, 6 Hz), 5.1 (m, 1 H); «»P NMR 
119-121-124 (m, 8F), 197 (dm, 1 F)i mass spectrum m/e (rel intensity) 
405 (M-+, 10), 361 (M - OC s H 4 , 18), 346 (M - OCjHj, 100). 332 (M 

- CiiHsOi!, 36), 

Anal. Calcd for Ci n H )fl F 9 NO fl : C. 38,63; H. 3.98; N, 3.46. Found: C, 
38.88; H, 3.84; N, 3.46. 

Registry No.-la, 365-37-3; lb, 336-07-2; lo, 60696-94-6; let, 
6089S-96-6; le, 60895-96-7; 5d, 60895-97-8; fie,, 6089S-98-9; 6b, 
60895-99-0; (So, 80934-65-8: 6d. 60896-00-6; 6e, 60896-01-7, 
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In a previous report, 1 we described a synthesis of 3,11- 
dimethyl-2-nonacosanone (1), an active component of the 
contact mating pheromone present in the cuticle of the female 
German cockroach (Blattella germanica). Recently, Ishii and 
co-workers, who first isolated and synthesized this substance, 2 
have identified a closely related second component, 29-hy- 
droxy-3,ll-dimethyl-2-nonacosanone (2). 3 In connection with 



CH S CH 3 

RfCHjX^HfCH^CHCOCH, 
IR-H 
2.R-OH 

studies on the behavioral responses of cockroaches to phero- 
mones,* we undertook and now describe a synthesis of 2 to- 
gether with some preliminary bioassays. 

Aa shown in Chart I, the benzyl ether (3) of 4-bromo-l- 
butanol was used to assemble the terminal hydroxy chain. 

Chart 1 

BiCHCH^Br ■■ HC " CL - U BbCXCH&CwCH 



- BzOCCHjJ^wCXCH^uBr 



yn 3 




CH 8 CH 8 



This derivative was selected because of its greater stability and 
convenience for removal compared to the alternative te- 
trahydropyranyl ether and because its distinctive spectral 
features made it especially useful for monitoring subsequent 
steps. The preparation of 3 was achieved in 88% yield by the 
phase-transfer catalyzed reaction 5 of 1,4-dibromobutane (5 
equiv) with sodium benzyloxide. By alkylatlon with lithium 
acetylide (as the ethylenediamine complex), 3 was converted 
almost quantitatively into the acetylenic ether 4, Monoalky- 
lation of 1,12-dibromododecane (3 equiv) with the lithium salt 
of 4 then provided the acetylenic bromo ether S in 84% 
yield. 

In the next step, a Wittig reaction of 9-brorno-2-nonat)one s 
with the triphenylphosphorane derivative of 5 gave the olefinic 
bromo ether 6 as a mixture of Z and £ isomers in 66% yield. 
Alkylation of 6 with ethyl 2-methylscetoacetate then fur- 
nished the required benzyloxy keto ester 1 in 91% yield. Fi- 
nally, hydrogenation-hydrogenolysis of 7 gave the saturated 
hydroxy keto ester 8 (97% yield), mp 30-32 "C, which, when 
hydrolyzed and decarboxytated, afforded, in 71% yield from 
8, the desired hydroxy ketone 2 as a mixture of diastereoiso- 
mers, mp 41.5-43 °C. 

Bioassay by antennation 1 ' 2 showed that synthetic 2 readily 
evoked the characteristic precopulatory wing raising and 
lS0"-turning response in isolated adult male German cock- 
roaches- Male roaches isolated from their parent colonies were 
housed and tested in groups of five. In the teste their antennae 
were stroked intermittently (~10 s/min) with freshly ablated 
American cockroach (Periplaneta amerlearta) antennae that 
had been dipped for 1-2 s into a carhon tetrachloride solution 
of the test substance and then allowed to dry. 6 All tests were 
performed at 24-26 °C during a period of 2,5-4,0 h into the 
dark phase of a 12/12-h photocycle, 



